The article provides a systematic review of 8 species of the genus Dianthus L. of North Caucasus, focusing on their morphology and ecology. Most of the studied species have a regional ecology and are found in arid basins. But still their potential ecological capabilities are very broad, as evidenced by the results of the semi-desert climate introduction in the Botanical Garden of the Scientific Research Institute, Russian Academy of Sciences in Grozny. While the main limiting factor for expanding these species is apparently their low competitive ability.
determine the adaptive capacity of the species of the genus Dianthus of North Caucasus is relevant.
II. METHODS AND MATERIALS
The material for writing the article is herbariums from different regions of North Caucasus gathered in the period from 2010 to 2018. The expeditionary research where the authors took part covered the territory within the republics of North Caucasus.
The authors gathered more than 200 herbarium samples. In addition, the herbarium collections of the Botanical Institute named after V.L. Komarov RAS (LE), MSU (MW), ISRI RAS, ChSPU, SSU, KBU were reviewed.
The main method of research to analyse taxons is the classical ecological-geographical-morphological method that includes the comparative-morphological approach (study of morphological features and their comparative characteristics) and ecological-geographical approach (identification of environmental relevance and geographical expansion). Most species were observed in their habitat. In the taxonomic studies, we adhered to a moderately polytypical concept of species when recognizing both the existence of large-scale species consistently retaining their characteristics and geographic races that were formed on the basis of adapting to certain environmental conditions.
III. RESULTS
The genus Dianthus belongs to the family Caryophyllaceae (Carnations) -one of the largest families Caryophyllales. The family includes about 80 genera and 2,000 species. The extensive genus of Carnation comprising about 300 species is best known in the family and is widely represented in Europe, Asia, Tropical and Southern Africa. Some species are found in North America. Mediterranean region is the centre of the diversity of the species of this genus. A characteristic feature of the genus is having bract pointed or spongy-pointed paleate leaves (epicalyx) arranged in pairs (1) (2) (3) (4) at the bottom of the cup and pressed against it as if forming a second outer cup. The following features are also characteristic of the genus Dianthus: a tubular cup that can be cylindrical or oblong with 5 pointed or acuminate and very rarely blunt-end dents with numerous non-anastomosing nervures. Solitary flowers or in cymose inflorescences, sometimes crowded as capitate inflorescences. They are usually androgynous. There are 5 petals with long claws and a horizontally spread pink, purple, whitish or yellowish-green lamina. The lamina is dentate along the upper edge (rarely smooth-edged) or fringed-edged. There are 10 stamens and 2 stiles. The capsule is oblong, sessile or on short carpophore. It is single-numbered and opened at the top with 4 dents; seeds are numerous, usually black, oblate, thyroid and sometimes almost round, elliptical or oblong on the central seed stalk. Monocyclic or permanent grasses, and very rarely shrubs with linear or lanceolate-linear subopposite leaves.
In North Caucasus, the genus Dianthus L. is represented by 23 species (A.I. Galushko, [8] .) belonging to almost all sections of the genus. The section Barbulatum is represented by the largest number of species.
The group of albiflorous carnations is represented by 8 species in North Caucasus that are divided in two sections: Leiopetali и Plumaria. Most species belonging to these sections are endemic Caucasian species.
There are difficulties when identifying the species of the group under study that lead to confusion sometimes. Therefore, the key to identify them properly is given below.
A. The key to identify the albiflorous carnation species North
Caucasus (A.I. Galushko, [8] ) 1) There are 6-8 pieces of bract glume near the cup
• There are 4 bract glumes 2) The petals are deeply cut and dentate or fringed
• The petals are crenulated or even smooth 3) The cup is 25-30 mm long. The petals are deeply cut and dentate Dianthus fragrans -Carnation fragrant
• The cup is 20-30 mm long. The petals are fringed and dentate D. awaricus -Carnation Avarian 4) The petals are crenulated. The petal lamina is tapered smoothly D. elbrusensis -Carnation Elbrus.
• The petals are pieceless with few dents. The lamina is back triangular and tapered as a claw D. daghestanicusCarnation Dagestan 5) The petals are smooth-edged or dentate • The petals are deeply fringed and partite. The cup is 22 mm long D. arenarius -Carnation psammophyte 6) The bract glume covers only 1/4 of the cup. The petals from the bottom are brown
• The bract glume is a half of the cup long. D. cretaceus
7) The cup is 20-30 mm long, cylindrical with triangular lanceolar dents D.lanceolatus -Carnation lanceolar.
• The cup is 11-16 mm long, egg-shaped and oblong with triangular dents D. jaroslavii -Carnation Oreslava
B. The morphological description of the species
The section Leiopetali [1] , is characterized by the following features: "The lamina of petals is white, yellowishgreenish or pale pink, smooth or dentate at the bottom without hairs."
Within the section there are two types of related species: the series Leptopetali Schischk. and Floribundi Schischk
The series Leptopetali Schischk. -The bract glume is obverse broad egg-shaped and covers 1/4-1/5 of the cup; the petals are whity-yellow. Dianthus lanceolatus Stev., [2] ; Boiss., [1] ; Grossgame [7] ; Shiskin, [5] ; Galushko, [8] There is a single stem or there are several stems, 40-70 cm high, straight or curved sometimes, knotty, simple or branched at the top, grey and bare or pubescent at the bottom. Lower leaves are linear, up to 11 cm long, longer than their internodes, 2-3 mm wide with 5-7 nervures, lacerate along the
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edge, 2-7 mm long, screwed into the axil at the bottom, middle and upper stem leaves are much shorter. Flowers have long stalks, single at the end of stems and branches; the cup is 20-30 (33) mm long and 4-6 mm. wide; bracts are leathery, whitish, immediately drawn into a green pointed acumination (1-4 mm long). They are adjacent to the cup and cover it up to 1/4 -1/5, petals are 1/ 1/2 times longer than the cup. They are whitish-yellowish, greenish on the underside. The lamina is oblong, 7-15 mm long and 7-8 mm wide. It is unevenly crenulated at the top. The capsule is equal or longer than the cup.
It grows on grassy slopes, in steppes, including sandy ones. It can be found anywhere from lowlands to the lower mountain zone.
It grows in all regions of Ciscaucasia (Fig. I) . Note. The study of the plants from different points of the range shows that the variability within the species is low and it affects the degree of branching, the size of the leaves, the cup, the lamina and the colour of the petal.
Map I
The plants from Gelendzhik surroundings have the least branched stem. It is branched only in the upper part. The plants from Dagestan are very different from other plants. They have the shortest but the most branched stem. The pubescence of the lower part of the stem is characteristic of samples from Gelendzhik and from the city of Lysa (Pyatigorye). B.K. Shishkin in the [5] consider all these plants with a pubescent stem as an example of D. lanceolatus f. pubescens. The size of the cups varies in different populations as follows: from 25 to 27 mm (Gelendzhik), 22-30 (32) (the mounting pass to Buynaksk). But no geographical dependence of this feature is observed.
The amplitude of the variability of the length and width of the leaves is as follows: 4 to 6 cm long and 2 mm wide (the mounting pass to Buynaksk); 6-11 cm and 1.5 mm (Mt. Bald); 3-5 cm (Gelendzhik); 2-6 cm and 2-2.5 mm (Kissyk). Thus, the connection with the highland and humidity of the territory can be observed.
According to the information above, we believe that it makes sense to make some changes in the description of the species in the "Flora of the USSR". B.K. Shishkin in the description of the species indicates features that do not correspond to the studied samples: the stem height is 40-60 cm; lower leaves are up to 7 cm long; cups are 17-22 mm long; petals are whitish-yellow or pink; the petal lamina is 10-15 mm long and 4-6mm wide. Other characteristic features of the species that are not listed in the description: the capsule is equal to or longer than the cup; petals are greenish on the underside. One more characteristic feature of this species that differs it from the others should be mentioned: the petals of the plants are closed in the daytime. Note: The study of herbarium specimens and plants from the Botanical Garden of the ChGU (1988) (1989) (1990) ) transported from locus ciassicus shows that the variability within the species is very low. There can be found plants with 2 and 6 bracts glumes with a smoothly edged lamina of the petals. The length of the cup in some plants is bigger than the first given description and reaches 22 mm in length.
Dianthus jaroslavii
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Map II
Fig. 2. Map of the plants habitats (Dianthus jaroslavii)
The lower side of the lamina of the plants in the Botanical garden is greenish-purple (the fact that requires further study). 
Dianthus fragrans Adams [10]; Galushko, [8]
The plant is with a branched caudex; stems are few, they are straight or geniculate, simple or subramose at the top, having from 1 to 5 flowers, 30-60 cm high. Leaves of the barren shoots are short; stem leaves are shorter than the internodes, they are linear-subulate 3-10 cm long, up to 1.5 mm wide, pointed, rough at the edges, screwed into the axil up to 3 mm long at the bottom. The tubular cup is 25-35 mm long with pointed, edge membranous dents reaching 1/3 of the cup. There are 6-8 bract glumes that are leathery, oblong-obovate or elongated-elliptic, they are narrowed or obtuse to the top with a short or longer acumination that sometimes exceeds the glumes, reaching the middle of the cup. The lamina of petals is 8-12 mm long, 9-10 mm wide. It is white, obovate, up to 1/3 with an incised edge.
It grows on stony, gravelly, clay, grassy slopes, on calcareous rocks, in meadows, among bushes from the lower to the middle mountain zone.
In North Caucasus it is widespread in all mountainous areas (Fig. 3) .
Map III
Fig. 3. Map of the plants habitats (Dianthus fragrans)
General expansion: Caucasus (the Greater Caucasus, mainly on the northern slope of Dagestan, Eastern Transcaucasia). Ajikend). Endem of Caucasus.
The description from the area of Pyatigorsk (the fortress Konstantinogorskaya).
The studied specimens: Dagestan, rav. of the Gyulgerichay, surroundings of the settlement Khiv. M.A. Taysumov VIII.89; surroundings of the Kezenoy-Am, slopes of the Andean ridge.
Note: The study of herbarium samples and plants in the Botanical garden contributed to understanding that the number of bracts, their size and especially the size of the dents of the lamina are susceptible to changes.
In some plants the lamina is fringed. The dents of the lamina of some plants are the same in length, while they are different for other plants. The petal lamina of plants from Dagestan has a greenish spot at the bottom (the fact requires further study). The plants from the surroundings of Lake Kezenoy-Am have 4 light purple bract glumes.
D. cretaceus Adams, [11]; Biossier [1]; Shishkin, [5];
Galushko [8] .
The stems are numerous, erect or geniculate, bare, simple or slightly branched, 20-40cm high. The leaves are narrowlinear or linear-lanceolate, pointed, 3-7 mm long and 1-2 mm wide, rough at the edge, at the bottom they are screwed into the axil 2-4 mm long. The flowers on the top of the stem and branches are solitary. The cylindrical cup is 20-30 (35) cm long, and 3-4 mm wide with sharp dents reaching 1/3 of the cup. There are 4 bract glumes that are obovate-oblong or elliptic. They are immediately drawn into a long, often green acumination reaching the dents of the cup or exceeding them. Often the cup as well as the bracts are purple. The petal lamina is 6-10 mm long and 5-10 mm wide. It is obovate and white on both sides or pinkish underneath. It is sinuate on the edge or nearly smooth. Note. The species has complex synonymics. It has been repeatedly described under different names and in different taxonomic ranks by many authors who did not care enough to identify the true origin of the species. The fact caused a considerable nomenclature confusion. As it was already mentioned in the other chapter, the first description of D. cretaceus was made by Adams in [10] . Grossheim (l.c.) and Galushko (I. c.) use the name. Shishkin [5] finds this species similar to D. petraeus, described by M. Bieberstein in [11] , but puts their identity in question. Schmalhausen (l.c.) considers it in the group of the species D. fragrans -fragrans D. D. petraeus.
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D. daghestanica Kharadze [12]; Galushko, [8].
It is perennial and lignescent at the bottom. It has numerous upgoing bare, simple or branched at the top stems of 17-50 cm. Leaves are linear, pointed, bare and rough at the edge. They are 25-55 mm long and 1-2 mm wide, screwed into the axil-2-3 mm long. Flowers are solitary or there are 2-3 at the top of branches. The cup is 20-25 mm long, 3-4 mm wide. Sometimes it is deeper than 1/3; it is incised into linear, pointed, pubescent dents; it is green at the bottom of the dents and tapered at the top. There are 6-8 bract glumes that are membranous, obovate with a tapered short acumination up to the half of the cup. The petals are white with a spatula or slightly dentate lamina that is tapered into a claw, up to 5 mm long and 4 mm wide.
It grows on dry slopes in the middle zone, often it is a part of phryganoid vegetation.
The expansion in North Caucasus: to the East of the Terek, especially in the Verkhne-Sunzhensky, Chechensky (in the east) districts, Central Elbrus and Andi-Samursky districts (Fig.. 5) .
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Map V
Fig. 5. Map of the plants habitats (Dianthus daghastanicus)
The studied specimens: Targim Basin VII.88 A. Galushko; the ravine of the Kerig (the right tributary of the ChantyArgun river), the right side VIII.89. A. I. Galushko.
Note. Before the works by Kharadze, this species was confused with D. fragrans herbarium. Kharadze writes that "from the first D. daghestanicus it differs in a narrower and shorter cup that is usually (28) 30-35 mm long for D. fragrans, while its cup is tapered at the bottom of the dents, especially by the end of flowering. D. daghestanicus has a solid or slightly dentate on the top petal lamina, while D. fragrans usually is characterised by a more or less deeply incised lamina.
Further, Kharadze points out that, first, it is a slightly longer and narrower cup what differs it from the polymorphous species D. cretaceus, which cup is approximately 15-20 mm long. Second, it has 6-8 bract glumes that are usually shorter, and it has a shorter, not grasslike acumination. But the analysis shows that the size of the cups of these types is almost the same.
A. Kharadze also correctly points out the differences in the ecology and geographic expansion of these species. She says that D.daghestanicus (except Dagestan) is also characteristic of the longitudinal valleys of the northern slope of the eastern and partially central part of the Main Caucasus Ringe, while D.fragrans grows only in the western part of the northern slope of the Main Ridge. D.cretaceus grows in the highland region of Caucasus, and is a part of meadow aggregation of the Subalpine and Lower Alpine Zones.
The study of herbarium materials and plants from Targim showed that the length of the biggest cup is 30 mm long. The petal lamina is also much larger: 7-9 mm long and 5-6 mm wide.
Plants with 4 bract glumes are occasionally found.
The cup is light purple sometimes. It is perennial and lignescent at the bottom. It has numerous upgoing practically bare at the bottom, pilose at the top stems that are simple or slightly branched,17-50 cm high. Leaves are linear, pointed, rough on the edge with short hairs, 22-35 mm long, 1.5 mm wide, at the bottom screwed into the axil of 1.5-3 mm long. The flowers are solitary at the ends of the stems and elongated few 1-4 branches. The cup is 18-25 mm long and 3-4 mm wide. It is incised up to 1/3 or more into pointed, lanceolate, pubescent parts. The cup is greenish with purple spots. There are 6-8 bract glumes that are membranous, with purple spots. Usually they are 1/3 or a half of the length of the cup and obverse broad egg-shaped, they are smoothly tapered into a short acumination. The petals are whitish with the spatulate, dentate on the edge, lamina. They are 5 mm long and 4 mm wide, smoothly tapered in the shape of a claw.
It grows in the Subalpine and Lower Alpine zones, rarely in the Mid-mountain zone. It is found on dry slopes and in rocky places, often it enters the composition of mountainsteppe and steppe meadow vegetation.
The expansion in North Caucasus: Central Elbrus, ElbrusDagestan regions. Endem (Fig. 6) . 
Map VI
elbrusensis in contrast to D.daghestanicus it is characteristic to have shorter acuminations of bract glumes and pubescent stems in the upper part.
A.I. Galushko [9] writes that D. elbrusensis is similar to D. cretaceus and D. fragrans, but it is referred to the type Leptopetali of the section Leiopetali. We share A. Kharadze It is perennial. The petal lamina is bare or with short hairs, fringed up to 1/2 or deeper, very rarely to 1/4 with linear parts; perennials.
The series Arenarii Schischk. The petals are white, pinkish, the solid lamina is rather large and almost elliptical.
Dianthus arenarius L., Linneus, [15]; Shmalgausen, [14] ; Grossheim, [7] ; Shishkin, [5] ; Galushko, [8] .
It forms rather dense turf with leucocarpous, leafy, short soboles. Flower-bearing stems are straight, 10-30 cm high. The stems can appear simple or sometimes branchy at the top; they can be bare, somewhat blue-grey or green. Leaves of the leucocarpous shoots are linear or lanceolate-linear, 1.5-3.5 cm long and 1-2 mm wide, straight or sickle-shaped, rough on the bottom surface. Leaves on the stem are smaller (up to 2 cm long) and screwed into the axil at the bottom, 1-2 mm long. The flowers are fragrant, solitary or in a tiny number; the cup is cylindrical, 18-20 (23) mm long with pointed dents; 4 bract glumes are ovate with short acumination and cover 1/4 of the cup; the petals are white, pink sometimes, and the lamina is heavily fringed; it is divided into linear fibriform parts, on the upper side it is pubescent with a greenish spot and purple blotches.
The habitat is sandy places, meadows, sandy pine forests.
The expansion in North Caucasus: Central Pre-Caucasian region (marked by Guldenstedt for Terek) (Fig. 7) . It is perennial and lignescent at the bottom. It has numerous upgoing bare, simple or branched at the top stems of 17-50 cm. The leaves are linear, pointed, bare, 2-2.5 mm wide, 5-7 mm long; at the bottom they are screwed into the axil up to 2 mm long. The flowers are solitary or there are 2-4 ones at the top of the stems and at the ends of obliquely upwarddirected geniculate branches. The cup is 25-30 mm long, 4-5 mm wide, elongated cylindrical, almost 1/3 incised into narrowl lanceolate pointed dents, greenish, sometimes with purple stripes. 6-8 (10) bract glumes are oblong-elliptic, membranous along the edge, tapered to the top and gradually turned into acuminations. They usually cover a half of the cup up to its dents. The upper couple of membranous is close to the flower. The petals are white or pink. The petal lamina is oblong (approximately 12 mm long), bare, tapered into the shape of a claw. It is clearly seen over the cup; and incised into narrow-lanceolate parts with the lamina that is not incised. It is up to 4 mm wide. Note: Before the work by A. Kharadze, the species was considered similar to D. fragrans and they were confused in the herbarium. A. Kharadze claims that D. waricus is different from D. fragrans through their oblong but not spatulate shape of the petal lamina as well as through their bract glumes smoothly tapered into the acumination. Moreover, D. waricus has relatively smaller flowers. We share A.Kharadze's opinion She refers this species to the section Piumaria as it has an oblong petal lamina, whereas Leiopetali has a spatulate or obovate petal lamina. We also agree that this species cannot be referred to any of the known series of this section as Criniti has a petal lamina that is not so deeply incised. The fact allows to add it to the species of the series Аrеnarii Schischk but only to some extent because it has longer bract glumes and, therefore, it is more correct to put this species in a special series -Ciscaucasicae Charadze.
Map VII
The study of herbarium specimens and plants shows that the variability of D. awaricus is low and affects such features as the height and branching of the stem, the size of the lamina as well as the number and size of the bract glumes. After introducing the plants to the city of Grozny, their stems become higher and branchy, whereas the other features remain unchangeable.
D. tichomirovii Deviatov, Taisumov et Teimurov [13] .
It is perennial with a branched caudex; It has numerous upgoing, bare, simple or branchy in the upper part stems, 35-60 cm high. The leaves are linear-subulate, pointed, soft, rough at the edges and screwed into the axil 3-4 cm long. The upper leaves are membranous, 1-2 cm long, 1-3 cm away from the flower. The flowers are large, 2.5 cm in the diameter, solitary at the ends of the stems and few branches. The cup is cylindrical, greenish, 30-35 mm long, 3-3. 5 mm wide, with pointed and ciliate dents that cover 1/3 of the cup. 6-8 eggshaped whitish leathery bract glumes are narrow membranous at the edge, with a short acumination; they cover 1/3 of the cup. The petals are white with an olive-green spot that occupies ¼ of the lamina at the bottom; they are pink along the nervures on the bottom side; after flowering they are entirely pinkish, the lamina is broadly obovate or obovatespatulate, up to 12 mm long and 9-10 mm wide; it is deeply (1/3) incised at the top; 9-10 dents are linear, pointed; the claw is 30 (33) mm long; in the lower parts (2/3) it is olive-green. It blooms in July.
It grows on rocky slopes and in rocky places in the Middle Zone. Heliophyte. Relationship. It is close to D. fragrans Adams, which is clearlyl distinguished with olive-green spots at the bottom of the petals; after flowering it becomes pinkish (at the beginning of blooming it is pinkish along the nervures only). D. fragrans has white petals without spots, after flowering it is not pinkish.
Map IX
IV. CONCLUSION
Thus, albiflorous carnations in the North Caucasus are represented by 8 species and most of them are located in Central and Eastern Caucasus.
Most of the studied species have a regional ecology and are found in arid basins. But still their potential ecological capabilities are very broad, as evidenced by the results of the semi-desert climate introduction in the Botanical Garden of the Scientific Research Institute, Russian Academy of Sciences in Grozny. While the main limiting factor for expanding these species is apparently their low competitive ability.
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There are morphological features that have the most taxonomic meaning for the group of albiflorous carnations: the size of the flower cup and capsula, the lamina shape and segmentation, the shape and size of bract glumes.
All the albiflorous carnations are highly decorative and adaptive to the environment to succeed in the introduction.
All the species under study need protecting, especially stenotopic plants: (D. awaricus, D. jaroslavii, D. eibrusensis) and the species at the boundary of the range (D. arenarius) It is possible that currently known species of albiflorous carnations in North Caucasus are still not complete, and new species will be discovered. A lot of areas have not been explored yet. It is recommended that inner Dagestan should be explored in arid basins and in small gorges, as the study of D. jaroslavii showed that the species can have a restricted area in a gorge.
Moreover, that is Trans-Caucasian region where albiflorous plants should be studied in more detail. It will contribute to recognizing similarities and differences as well as relations between the species in North Caucasus and TransCaucasian Region Nowadays these issues have not been brought to light.
Special attention should be paid to the species with the regional locality as having distinguishing features (D. cretaceus from Targim Basin and D. cretaceus from Pyatigorsk Region (Beshtau) referred to as polster plants. The analysis of the species would also provide insight into the relation of taxons within the group. D. lanceolatus having specific characteristics should be focused on too.
It is recommended that we should continue finding out the most resilient and xeromorphous species that will succeed in the introduction.
Keeping on studying the species growing at the boundary of their range is essential since they are exposed to the least suitable environment. Only direct observations over numerous series of plants in their habitat will allow to obtain and clarify the available data about their range, number and bioecology as well as their potential will help to determine the limits of variability of species. These observations will test the reliability of the feature complex that contributes to differentiating the species.
